The Southern Ocean plays an important role in the export of anthropogenic CO 2 (around 25% of total anthropogenic carbon emission), in part via primary production by phytoplankton (De Baar et al., 1995) . Primary productivity is enhanced in polynyas; areas of reduced sea-ice concentration within a more consolidated ice pack (Arrigo et al., 1997; Arrigo and VanDijken, 2003a) . Of the dozens of coastal polynyas circling the Antarctic continent, those located in the Amundsen Sea (Fig. 1 ) exhibit the highest phytoplankton productivity per unit area (Arrigo and VanDijken, 2003b) .
Iron (Fe) availability limits algal growth in the high nutrient low chlorophyll (HNLC) regions of the worlds oceans (Martin et al., 1990 (Martin et al., ,1991 . The abundance of Fe in seawater is controlled by a balance between Fe input (via sediment resuspension, seaice and glacial melt, upwelling, atmospheric deposition, and hydrothermal inputs), stabilization processes via organic complexation that keep Fe in the dissolved phase, and by removal processes like (oxidative) precipitation and adsorptive scavenging (Baker and Croot, 2010; Boye et al., 2001; Croot and Johansson, 2000; Gledhill and Van Den Berg, 1994; Lannuzel et al., 2007 Lannuzel et al., , 2008 Lannuzel et al., , 2010 Rue and Bruland, 1997; Klunder et al., 2011; Kuma et al., 1996; Nishioka and Takeda, 2000; Nishioka et al., 2001; Thuró czy et al., 2010b Thuró czy et al., , 2011a Thuró czy et al., , 2011b .
Around Antarctica, the two dominant phytoplankton groups include diatoms and the prymnesiophyte Phaeocystis antarctica. On the continental shelf, diatoms dominate the phytoplankton community in shallow mixed layers whereas colonial P. antarctica dominates in waters with a deep mixed layer (Arrigo et al., 1999 (Arrigo et al., , 2002 . Because macronutrient concentrations in Southern Ocean waters are so high, distributions of these two taxa are governed by their specific requirements for two main growth-limiting factors, Fe and light Buma et al., 1991; Coale et al., 1996; De Baar et al., 1990; 2005; Sunda and Huntsman, 1997; Timmermans et al., 2001; ) . Diatoms and P. antarctica have different nutrient utilization characteristics and support very different higher trophic level communities (Arrigo et al., 1999) . In the Southern Ocean, Fe controls the magnitude of annual primary productivity while light determines the taxonomic distribution (Arrigo et al., 2000 (Arrigo et al., , 2003 Arrigo and VanDijken, 2003b; . Consequently, increasing sea surface temperature in Antarctica due to global warming could enhance ice melt and subsequent water column stability and alter phytoplankton primary productivity and community structure. Furthermore, the inflow of the warm and Circumpolar Deep Water (CDW, Jacobs and Hellmer, 1996) on the Amundsen Sea shelf drives a rapid melting of the Antarctic ice shelves, in particular the PIG (Jacobs et al., 2011) . Melting of the PIG could account for 10% of the present day sea-level rise (Rignot et al., 2008) and is an important and continuous source of Fe to surface waters in Pine Island Bay (PIB) .
The Amundsen Sea is delimited by the Abbot Ice Shelf in the North-East (Fig. 1 ) and the Crosson, Dotson, and Getz Ice Shelves on the west side of PIB. The Amundsen Sea has a large continental shelf area, is about 250-400 m deep and has deep canyons (up to 1600 m depth, Nistche et al., 2007) . PIB is surrounded by two main glaciers: the Thwaites Glacier on the western side and the PIG to the south. The Antarctic Circumpolar Current (ACC, Fig. 1 ) flows eastwards around the Antarctic continent and injects relatively warm ( $2 1C) and saline (34.0-34.5) CDW (Giulivi and Jacobs, 1997) onto the Amundsen Sea continental shelves. This CDW then flows towards the continent and upwells underneath the PIG and the Getz and Dotson Ice Shelves. The CDW inflow is partly responsible for the rapid melting (Jacobs and Hellmer, 1996) of the ice shelves of the Amundsen Sea, as well as of the Thwaites and Pine Island glaciers (Jenkins et al., 2010) . These waters also harbor two large and productive polynyas, the Pine Island Polynya (PIP) and the Amundsen Polynya (AP) (Arrigo and VanDijken, 2003b) .
The organic complexation of Fe in the dissolved fraction ( o0.2 mm) was studied in the Amundsen Sea during the cruise NBP09-01 onboard the US Research Vessel Nathaniel B. Palmer from 5 January until 28 February 2009. The research goal was to gain insight into the role of the ligands in increasing the potential solubility of Fe by buffering Fe input from upwelling of MCDW and glacial melt, and thus indirectly enhancing its bio-availability to the phytoplankton. This work is part of the DynaLiFe project (Shedding a dynamic light on Fe limitation in the Southern Ocean) which studied in situ phytoplankton primary productivity and taxonomic composition in relation to Fe limitation and dynamic changes in irradiance . Details on the hydrography and Fe distributions in the Amundsen Sea are described in Gerringa et al. (2012) . The phytoplankton characteristics and nutrient distribution are described in .
Materials and methods

Sampling and filtration
Samples were taken in the upper 300 m of the water column (at 10, 25, 50, 100, 200, 300 m) using modified Teflon coated GO-FLO samplers (General Oceanics, Inc.) attached to a non-metal 6 mm diameter wire. These were closed using PVC messengers. The GO-FLO samplers were brought one by one to a trace metal clean container and linked to a tubing extension for sub-sampling under a clean laminar flow bench. Samples were filtered (0.2 mm pore size, Sartorius Sartobran-300) using slight N 2 overpressure. All samples were collected in previously acid-cleaned (3 steps cleaning procedure with detergent solution, 6 M HCl and 3 M nitric acid in 60 o C hot bath; detailed by Middag et al., 2009 ) LDPE bottles after 5 rinses with the sample itself. Samples for the analysis of the Fe speciation were stored at 01C if analysis could be performed within 2 day; otherwise they were immediately frozen at À 201C. Organic complexation of Fe was determined at 26 stations from 12 January to 15 February (Fig. 1, Table 1 ), 15 of which included multiple samples from vertical profiles (St. 3, 7, 13, 16, 23, 55, 81, 91, 92, 102, 106, 107, 113, 114 and 119) and 11 stations (St. 5, 10, 37, 47, 94, 105, 118, 129, 135, 148, 158) from which only one sample was taken from surface waters (10 m depth) in conjunction with experiments studying the effects of light and ligands additions on phytoplankton physiology. These experiments are described by Mills et al. (2012) .
Iron analyses
Shipboard analysis of dissolved Fe was done using an in-line Flow Injection Analysis system with chemiluminescence as a detection method (De Baar et al., 2008a,b; De Jong et al., 1998) and is described in detail by Gerringa et al. (2012) . In addition, unfiltered samples (19 profiles and 8 surface stations) were taken and acidified to pH ¼1.8 for at least 6 months of dissolution before being analyzed in the same way as for DFe in the home laboratory. Standard deviations of the duplicate or triplicate measurements of one sample were lower than 5%. Accuracy and reproducibility were checked by regularly measuring two SAFe reference standard samples. The results, S1 0.07870.012 nM DFe (N ¼ 10) and D2 0.94270.043 nM (N ¼13), were well within the community consensus values (S1: 0.097 70.043 nM DFe (N ¼ 140), D2: 0.9170.17 nM (N ¼168), Johnson et al., 2007) .
Organic complexation of Fe: sample treatment, voltammetric procedure and calculations
Organic complexation of Fe was determined by Competing Ligand Exchange-Adsorptive Stripping Voltammetry (CLE-AdSV) using 2-(2-Thiazolylazo)-p-cresol (TAC) as a competing ligand (Croot and Johansson, 2000) . The equipment, voltammetric procedures, sample and chemical preparations are described by Thuró czy et al. (2011a) . Table 1 Stations sampled for this study, with number, sampling date, coordinates, location, bottom depth and sea-ice conditions ( n 0¼sea-ice free; 1/2 ¼ partly covered; 1¼ completely covered). PIP: Pine Island Polynya; PIG: Pine Island Glacier; AP: Amundsen Polynya; DIS: Dotson Ice Shelf. At the profile stations samples were taken at several depths as listed in Table 2 . Sub-surface (Sub-S) samples were taken at 10-15 m depth. The increments of Fe concentrations used in the titration were 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.5, 2, 2.5, 3, 4, 6, 8 and 10 nM. Total ligand concentrations [Lt] (in equivalents of nanomolar Fe, Eq of nM Fe), the conditional stability constants K 0 (mol À 1 ) of the natural organic ligands, and their respective standard deviations of the fit of the data to the Langmuir model (Gledhill and Van Den Berg, 1994) were calculated using non-linear regression (Gerringa et al., 1995) . Underlying assumptions are that all Fe(III) species are at equilibrium, all binding sites between Fe and the unknown ligand are equal, and the binding is reversible. The sensitivity (S) was corrected for the influence of ligand sites not yet saturated, as explained by Turoczy and Sherwood (1997) and Hudson et al. (2003) . The correction was done by an algebraic solution of the equilibrium equations, in which S is determined together with Lt and K 0 . The equations for the calculation of Fe speciation are described in Thuró czy et al. (2010a and . Finally the excess ligand (L 0 ) concentrations were calculated as
Station
[L 0 ]¼[Lt] À [DFe].
Chlorophyll-a analysis
Chlorophyll a (Chl a) was quantified using standard JGOFS procedures (JGOFS, 1996) . Chl a samples (0.05-1 L) were filtered at ambient seawater temperature under low vacuum pressure. Filters were extracted in 5 mL 90% acetone in the dark at 4 1C for 20 h. The extracted fluorescence was read before and after acidification using a Turner Designs Model 10-AU fluorometer.
Results
Dissolved iron and total dissolvable iron.
Concentrations of dissolved Fe (DFe) in this study ranged between 0.042 nM (¼42 pM) at the chlorophyll maximum (St. 3) and 1.31 nM at the surface near the PIG (St. 55) ( Table 2 , Fig. 2 ).
At open ocean stations, Fe concentrations were low with a nutrient-like profile (Fig. 2) , being depleted at the surface (0.04-0.06 nM at St. 3 and 0.03 nM at St. 160) and higher at 300 m depth (0.23 nM at St. 3 and 0.16 nM at St. 160). The concentration of DFe measured at 300 m depth at these stations resembled the calculated mean DFe concentration of 0.28 nM ( 70.06, n¼ 20) measured in the CDW in the Pacific section presented by Klunder and De Baar (submitted) . DFe concentrations were higher near the shelf at St. 3. Surface DFe concentrations (10 m depth) were relatively high (0.4 nM) at St. 7 where sea-ice was abundant (Table 2, Fig. 2 ) compared to St. 3 where no ice was present (Fig. 2) . In the PIP, sub-surface minima in DFe concentrations were measured just below the Chl a maximum (20-25 m depth) below which [DFe] increased with depth to 0.2-0.6 nM (Fig. 2) . Stations at or near the PIG, where no phytoplankton was present, had higher DFe concentrations (0.3-1.3 nM) that were relatively constant with depth ( Fig. 2) . At the Dotson Ice Shelf (St. 119), DFe increased with depth from 0.14 nM at 25 m depth to 0.54 nM at 300 m depth (Table 2, Fig. 2 ).
The concentrations of total dissolvable Fe (TDFe) are reported in detail by Gerringa et al. (2012) . At the open ocean stations (St. 160) [TDFe] were low (0.31-4.31 nM TDFe) as showed by Gerringa et al. (2012) . At the ice covered stations, [TDFe] was relatively constant with depth, varying between 0.2 and 6.1 nM for both surface and deeper samples. The concentrations of TDFe measured in the Pine PIP were relatively constant in the upper 100 m (between 1.4 and 5.9 nM) and higher in deeper waters. Fig. 2 ). Concentrations of L 0 within the center of the bloom in the PIP (St. 13 and 91) were highest at the surface (0.56 and 0.88 Eq of nM Fe, respectively) and decreased with depth to 0.12 and 0.04 Eq of nM Fe at 300 m, respectively (Table 2, Fig. 3) . At stations sampled a few days later (4-5 days) during the bloom (St. 106 and 107, Fig. 3 The Lt/DFe ratio highlights the saturation state of the organic ligands (Thuró czy et al., 2010b (Thuró czy et al., , 2011a (Thuró czy et al., , 2011b ; this ratio is consistently 41 in open ocean water samples. A low ratio (close to 1) corresponds to ligands relatively saturated with Fe and indicates a low capacity of the ligands to bind and buffer additional Fe input. A relatively high ratio (e.g. 45) indicates that the ligand pool is unsaturated with Fe and can buffer additional Fe input. A high Lt/DFe ratio therefore increases potential Fe solubility and maintains Fe in the dissolved phase.
The Lt/DFe ratios measured here showed consistent trends with depth and location. At the open ocean (St. 3) and sea-ice covered (St. 7) stations, the ratio (1-2) was minimal at the surface and higher (4-13) at a depth of $ 50 m. In contrast, both the PIP and AP exhibited the highest Lt/DFe ratio at the surface (5-15), which decreased with depth to o4 at 300 m (Figs. 3 and 5) . At the stations influenced by the upwelling of MCDW from under the PIG, the ratios were very low (o2.5) and approximately constant with depth. The ratios from the deepest samples (300 m depth) were always lower than samples from surface waters in the polynyas.
Lastly, the conditional stability constant (K 0 ) of the ligands varied between 10 23.04 at St. 114 (in the AP) at a depth of 50 m ( 
Discussion
In 2009, the austral summer phytoplankton blooms persisted for more than 70 days in the Pine Island and Amundsen Polynyas . Such productive blooms require a large supply of major nutrients (nitrate, phosphate and silicate) but also of the essential trace nutrient Fe. In the Amundsen Sea, the presence of Fe-complexing organic ligands, combined with the various sources of Fe , played an important role in keeping Fe in solution and enhancing its availability to the phytoplankton bloom.
Upwelling of CDW on the continental shelf and underneath the ice shelves
In the Amundsen Sea, warm and salty CDW flows over the continental shelf towards the Antarctic continent at a depth of 200-500 m. While in transit, the MCDW is enriched in Fe as explained by Gerringa et al. (2012) who concluded that the increase of DFe and TDFe in the inflowing MCDW from 0.2 to 0.4 nM DFe and from 4 to 7-14 nM TDFe is due to Fe fluxes from the sediments. A further increase to 0.57 nM DFe and 22.4-38 nM TDFe was observed near the glaciers. In the present study, only the upper 300 m were sampled, but because of the MCDW Fig. 4B ) and the Dotson Ice Shelf stations. While flowing along the continental shelf, the CDW is likely enriched in ligands by both fluxes from the sediments and settling organic matter produced at the sea surface that is degraded and transformed while sinking towards the sea floor. The enrichment of ligand concentrations by sediments has been observed previously in deep waters of the Kerguelen Plateau (Gerringa et al., 2008 ) and on Arctic shelves (Thuró czy et al., 2011b) . In the Ross Sea, Fitzwater et al. (2000) attributed high concentrations of particulate Fe to fluxes from the sediments from the continental shelf. Therefore, the high ligand concentrations measured at the glacier stations are most likely due to fluxes from the sediments that enriched the CDW. The ligands transported there are dissolved molecules but are also probably under colloidal forms. These colloidal ligands originating from transformation and degradation of organic matter in deep waters may be misinterpreted as organic ligands, because colloidal-Fe may not react significantly with the added ligand TAC during the equilibration time during the measurement, as suggested by Croot and Johansson (2000) . Our results suggest that part of the dissolved Fe is transported from the glaciers towards the Polynyas under complexed forms and that the presence of cannot be excluded. Further investigation on size fractionation would bring valuable information.
Furthermore, this warm MCDW drives basal melting of the floating glaciers and ice-shelves that releases in seawater material (sediment, nano-particles) containing iron (Raiswell et al., 2006; Raiswell, 2011) . Together with the land erosion engendered by glacier and ice shelf motion, terrigenous material is released into the seawater. Terrigenous materials quickly release metals that are weakly bound to their matrix once in contact with seawater (within 2 h, as seen for Co and Zn, Thuró czy et al., 2010a). These metals may dissolve in the surrounding melted water, hence contributing to the elevated concentrations of DFe (40.4 nM, Table 2 and Fig. 2 ) and [TDFe] (10-35 nM Fe at the PIG ice shelf stations; Gerringa et al., 2012). However, large refractory particles likely sink before dissolution as already found by Croot et al. (2004 and who showed that a significant amount of iron (dissolved and particulate) supply to the upper waters is rapidly removed by aggregation and sinking. It is generally assumed that 90% of these particles will sink out of surface waters in the vicinity of the glacier (De Baar and Raiswell et al., 2006) . In opposition, finer particles may be transported away from the glacier and dissolve over the time, thereby releasing DFe into the seawater. Land erosion is likely to be a large source of Fe but not of ligands (no organic matter input) whereas the input of organic ligands is most likely due to the enrichment of the CDW by the sediments and by sinking organic matter produced by the phytoplankton blooms and its degradation and transformation while sinking out of the water column. Both inputs of Fe by the glacier and of organic ligands by the MCDW upwelling lead to saturation of the ligands in the vicinity of the glacier, as confirmed by the Lt/DFe ratios that shows ligands near saturation at the ice shelf stations of both the PIG and the Dotson Ice shelf.
Phytoplankton bloom
Within the blooms of the PIP and AP, phytoplankton uptake resulted in low concentrations of DFe (Table 2, Figs. 2 and 4A) Gerringa et al., 2012) . On the section from the PIP to the PIG (Figs. 4A and 5) , the phytoplankton bloom was accompanied by very high Lt/DFe ratios ( 45, Figs. 3 and 5) due to both DFe uptake and ligand production from organic matter generated by the bloom. The ligands, being relatively unsaturated with Fe, form a potential for solubilizing Fe from external sources via organic complexation. Phytoplankton and other microorganisms during the spring and summer generate huge quantities of organic matter during growth and subsequent senescence (Pusceddu et al., 1999) . The residence time of bioavailable Fe may be increased by the presence of exopolysaccharides (EPS, Hassler et al., 2011a Hassler et al., , 2011b released by microorganisms in the upper waters that act as Fe-binding ligand, thereby extending the phytoplankton blooms. Degradation and remineralization of organic matter aid in the regeneration of ligands (Gerringa et al., 2006) , hence participating in the regeneration of Fe from senescent phytoplankton in surface waters, but also in enriching deep waters with organic matter and thus organic ligands.
At stations 13 and 91, the K 0 of the ligands was relatively low ( o21.6, Table 2, Fig. 4C ) when compared to stations in the PIP that were sampled several days later during the bloom (422.4, St. 106 and 107). The increase of K 0 over time may indicate that the availability of Fe decreased locally, which is consistent with a lower maximum photochemical efficiency of photosystem II (F v /F m ) in surface waters of these stations when compared to other stations in the PIP . Fe-stress may have resulted in production of Fe-binding siderophores by heterotrophic bacteria in order to enhance Fe availability (Barbeau et al., 2001; Butler, 2005; Maldonado et al., 2005) . This is consistent with observations by Rue and Bruland (1997) and Cullen et al. (2006) who demonstrated the existence of relatively strong ligands in the presence of phytoplankton. Sarthou et al. (2008) suggested that approximately 50% of the Fe used by phytoplankton could be regenerated at the surface, thus generating a local stock of Fe that would be available to the microbial community. The presence of unsaturated organic ligands may promote the stabilization of this regenerated Fe by keeping it in solution and preventing aggregation and sinking. The regenerated Fe can be immediately utilized by plankton or become trapped along with organic matter when sea-ice forms later in the season (Kepkay, 1994; Thomas et al., 2001; Lannuzel et al., 2007 Lannuzel et al., ,2008 Ackermann et al., 1994; Reimnitz et al., 1993; Sherwood, 2000; Smedsrud, 1998) . This material, together with organic matter produced by the microbial community living within the sea-ice, are released the following season when the sea-ice melts (Lannuzel et al., 2010) and act as a source of dissolved ligands (Aguilar-Islas et al., 2008; Calace et al., 2001; Nichols et al., 2005; Pankowski and McMinn, 2008) . Iron released from melting sea-ice may be pivotal for initiating the spring phytoplankton bloom, thanks to the presence of ligands that solubilize Fe.
Role of the ligands in solubilizing Fe from melting glaciers
At stations located near the PIG and Dotson Ice Shelf, the concentrations of iron were high and ranged between 0.4 and 0.8 nM for DFe, reaching 1.31 nM DFe in the surface layer at St. 55 (Table 2 and Fig. 2 ) and from 8 to 106 nM for TDFe . Because of these high concentrations of DFe and Lt, the ensuing Lt/DFe ratio indicated that ligands were near saturation (ratio of o2, hence low L 0 concentrations); consequently, removal of non-ligand-bound Fe via scavenging may increase. Furthermore, at those stations close to the glaciers, the high TDFe concentrations observed by Gerringa et al. (2012) , together with the presence of saturated organic ligands, could facilitate vertical export of Fe (dissolved and particulate) via scavenging, as suggested by Sedwick et al. (2000) for the Ross Sea. This high potential for scavenging of Fe in the vicinity of the PIG likely contributes to elevated particulate Fe concentrations in the deep waters.
On the transect from the PIG to the PIP, the concentrations of TDFe from unfiltered samples still were relatively high as far as 62.5 km away from the PIG with concentrations corresponding to a third of the concentrations found at the source, as described by Gerringa et al. (2012) . However it is difficult to assess the effect of lateral turbulent flux on TDFe, therefore this distance represents an indication of the effect and strength of the glacier source on the elevation of TDFe concentrations in this area. This suggests either that particulate Fe can be transported laterally for relatively long distances, as has been seen over the Arctic continental slope (Thuró czy et al., 2011b) , or that particulate Fe near the glacier is mainly inorganic while the particulate Fe within the bloom is mostly organic (contained in phytoplankton cells). In the upper 50 m of the water column between the PIG and PIB, organic ligands became increasingly desaturated (ratio Lt/DFe increased, Figs. 3 and 5) . On the same transect, there was a clear decrease in both [DFe] and [TDFe] , as well as in [Lt] , but an increase in [L 0 ] (Figs. 3 and 4) . These trends fit with the hypothesis that part of the Fe present in the particulate phase may be solubilized due to the presence of unsaturated dissolved organic ligands. However, the role of the kinetic exchanges between dissolved and particulate phases still needs to be investigated in order to explain these observations. In addition, solubilization of Fe in surface waters may have been enhanced due to photoreduction (Kuma et al., 1992; Kuma et al., 1995; Powell and Wilson-Finelli, 2003) .
During the winter season when there is little biological uptake of Fe, the ligand pool in the PIP most likely becomes fully saturated (very low Lt/DFe ratios) due to the continuous input of Fe from glacial melt driven by upwelling of MCDW. Part of the Fe input from glacial sources during the winter would be unable to remain in solution and would precipitate when [L'] falls below the solubility product of the Fe oxy-(hydr)oxides. This probably results in the export of non-complexed Fe towards the bottom and represents a plausible mechanism for enrichment of Fe in deep waters (the CDW) in the vicinity of the glaciers during the winter. Part of the exported Fe may undergo dissolution, remineralization, and/or transformation as colloidal Fe and be upwelled again after descending into the MCDW flow.
Summary
During the austral summer 2009 in the Amundsen Sea, the presence of unsaturated dissolved organic ligands, combined with the continuous input of Fe (dissolved and particulate) from glacial melt, proved to be an important process enhancing Fe availability for phytoplankton, thus contributing to the long-lasting bloom.
The inflow of CDW onto the Amundsen continental shelf was enriched in both Fe and ligands from the sediments. Further Fe and ligand enrichment took place when warmer CDW upwelled beneath the PIG, causing basal melt of the glacier and releasing terrigenous material containing Fe into the seawater. The melting of the PIG driven by the upwelling of this modified CDW is likely an important source of both Fe and ligands. High concentrations of organic ligands (despite the low [L 0 ] at the PIG stations) increased the potential Fe solubility, thus maintaining a sufficient stock of dissolved Fe, increasing its bioavailability to the phytoplankton. In the Ross Sea Polynya and probably others, low Fe concentrations limit phytoplankton growth at the end of the bloom (Arrigo et al., 2000 (Arrigo et al., , 2003 ; however, in the Amundsen Sea, a prolonged phytoplankton bloom is facilitated through the continuous input of ligands and Fe in modified CDW that upwells and melts the glaciers and ice shelves that surround the local polynyas.
Near the ice shelf, organic ligands were nearly saturated with Fe, as evidenced by the low Lt/DFe ratio ( o2), corresponding to low excess ligand concentrations. This shows that most of the additional Fe added during glacial melting may be removed via scavenging and/or precipitation, leading to an enrichment of Fe of the deep waters. Additionally, the massive phytoplankton blooms produce huge quantities of organic matter that is remineralized as it sinks out of the water column, thereby enriching the CDW that flows along the continental shelf and eventually upwells from beneath the glaciers and ice shelves. The uptake of Fe by the phytoplankton bloom, caused the desaturation of the organic ligands at the surface. The production of organic ligands (organic matter and probably siderophores) enlarges even the magnitude of this desaturation. This likely favors the solubilization of Fe from the particulate phase and may play a role in the horizontal transport of Fe from the glacier northwards towards the polynyas.
During the winter, when light is too low to support phytoplankton growth, Fe is not consumed and organic ligands become saturated with Fe. This most likely halts the solubilization of Fe from the particulate phase, enhancing the loss of Fe via scavenging. During spring, nearly saturated ligands near the glaciers become fully saturated, leaving no free space for binding new Fe input, leading to its loss via precipitation. The consequence of this Fe export from the surface to the bottom is winter enrichment of Fe in the CDW inflow, generating a loop pathway as CDW is upwelled beneath the ice shelves.
